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RESEARCH MEMORANDUM

EFFECT OF VERTICAL POSITION OF THE WING ON THE AERODYNAMIC
CHARACTERISTICS OF THREE WING~BODY COMBINATIONS -

By John C. Heitmeyer

".";{bl_

SUMMARY

Results are presented of an experimental investigation of three
plane wings in comblnation with a body such that the models were
representative of low~ and high-wing arrangements. The. three wings,
having 3-percent-thick sections and of aspect ratio 3, had the following
plan forms: a tapered unswept plan form, a tapered L45° swept-back plan
form, and a triesngular plen form. The 1ift, drag, and pitching-moment
charscteristics of each configurstion were obtained for a range of Mach
numbers from 0,61 to 0.91 and from 1.20 to 1.90. The results were
obtalned at constant Reynolds numbers per foot of 2.57 million and
4,00 million at &1l Mach numbers except 1.90. At this Mach number, data
were obtalned only at a Reynolds number per foot of 2,57 million. The
results of this investigation at a Reynolds number per foot of 4.00 million
are compered with results of tests of the same wings mounted in a2 midwing
position on a body of revolution of the same axisl digtribution of cross-
section ares ag the body employed in the present report. Results of the - - .
investigation show that only the drag characteristics were significantly
affected by a change in the vertical location of the wing, the minimum
drag coefficients of the midwing configurations being less than those of
the respective high- and lowswing configurations. .In general, the maximum
lift-drag ratios of the low-wing configurations were less than either the
midwing or high-wing configuretion. _. -

INTRODUCTION

The wealth of experimental data availlable concerned with the effect
of the vertiecal position of the wing on the aerodynemic characteristics
of wing-body combinations (hereinafter referred to as configurations) has
been obtained, In general, at low subsonlc Mach numbers with configurations
employing relatively thick, high-aspect-ratio wings (e.g., ref. 1). To
provide some experimental dats of the effect of vertical position of the
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wing on the aerodynamic characteristies of alrplane-like wing-body con-
figurations employing thin, low-aspect-ratio wings at high subsoric and
supersonic speeds, an investigation of three plane wings in such combi-
nations with & body as to represent low- and high-wing arrangements was
undertaken. The wings were all 3 percent thick. The plan forms of the
three wings included a tapered unswept plan form of aspect ratio 3.1, a
tapered swept-back plan form of aspect ratio 3, and a triangular plan

form of aspect ratio 3. . ) . -

The results of tests of each wing in the midwing poslition have been
published in references 2, 3, and 4., These results, together with the
present experimental date, are compered to determine the effect of
vertical displecement of the wing on the 1lift, drag, and pitching-moment
characterlistice of the combilnation.

NOTATION

b wing span . _ o -
. P2 cay
c mean aserodynsmic chord, -{%E;___—_—_

JoIZ e ay
c local wing chord 7
Cp drag coefficlent, drag/qs
cy, 1ift coefficient, 11ft/gs
Cm . pltching-moment coefficient about a horizontal axis through

the point on the body axis at the body station corresponding
to the quarter polnt of the mean aerodynamlc chord,
pitching moment/qSG

(see fig, 1.)
L/D 1ift-drag ratio

(L/D%max maximum lift-drag ratio o : T o

M . . Mach number
q free-gtream dynamic pressure -
‘R Reynolds number based on mean serodynemic chord

total wing area including area formed by extending the leading
edge and trailing edge to the plane of symetry
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Yy distance perpendicular to plene of symmetry
dCL/dm Blope of the 1ift curve messured at zero 1ift, per deg
dcm/dCL slope of the pitching-moment curve messured at zero 1lift

a angle of attack of the body axis, deg

APPARATUS

Wind Tunnel and Balance

The data of the present report were obteined in the Ames 6- by 6-foot
supersonic wind tunnel. In this wind tunnel, the Mach number can be
varied continuously and the stagnation pressure regulated to maintain a
glven test Reynolds mumber, The guantity of water vapor present in the
tunnel air waas small enough to prevent formation of condensation shocks
at all supersonic Mach numbers., Further lnformation sbout this wind
tunnel is presented in reference 5.

The models were sting-mounted in the wind tunnel, the diameter of
the stralght sting being about 93 percent of the diameter of the body
bage, The model support permitted tests through an angle-of-attack
range from -17° to 17° in a horizontsl plene, The l4-inch-diameter, four-
component, strain-gage balance described in reference 6 was enclosed
within the body of each model end was used to measure the aerodynamic
forces and moments.

Model

Plan views of each model, a typicel front view, and certain model
dimensions are given in figure 1. A photograph of the swept-back-wing
model 1s shown in figure 2, This swept-back wing and the unswept and
trisngular wings of the present investigation are the same wings that
were used In the tests reported in references 2, 3, and k. A summary of
the important geometric characteristics of each model 1s presented in
table T. o

To facilitete the mounting of the wings in the off-center-line
position, it was necessary to modify the cilrcular cross sectlion of the
body of revolution used in references 2, 3, and L4, The cross sections
of the body of the present report (fig. 3) were derived in a manner so
as to obtein a related shape having the same cross-sectionsl area as the
sections of the body of revolutlon. The noneircular cross sections of

—=iSi
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the modified body were made up of four parsbolic ares., Figure 3 shows .
a typical section and indicates the control points and tangents to the
sections which are necessary for the construction of the arcs. Included
in figure 3 is a tsble which lists the location of the control points
and the angle of the tangents to the section for the different cross
sectlons at the variocus body stations.

A fillet which consisted of concentric radii was used to fair the
upper surface of the wing to the modifled body. The type of fillet can
be seen from figure L which presents three cross sectlons of the
triangular-wing model. It.should be mentioned here that the models of
references 2, 3, and 4 (the midwing configurations) employed no fillets
at the wing-body Juncture,.

_ The wings of each model were solid steel. The body, with the excep-
tlion of an aluminum nose section, was also solid steel. A tin-bismuth
alloy was used to form the required fillets between the wing and body.
All exposed model surfaces were polished smooth.

TESTS AND PROCEDURE

Range of Test Varlables

The 1ift, drag, and pitching moment of each model were investigated
for a range of Mach numbers from 0.61 to 0.91 and from 1.20 to 1.90.
The data of each model were obtained at constant Reynolds numbers per
foot of 2.57 million and 4,00 million for all Mach numbers except 1.90.
At this Mach number, wind-tunnel power limlted the test Reynolds number
per foot to 2.57 million,

The model support permitted tests to & maximum sngle of %Zo in the
horizontal plane. By testing through the angle range from - to If% the
aerodynamic characteristics of a given configuration could be studied as
both a low- snd high-wing arrangement. . o _

Reduction of Data

The test data have been reduced to standard NACA coefficient form.
Factors which could affect the accuracy of these results, together with
the corrections applied, are discussed in the following paragraphs.

Tunnel-wall interference.- Corrections to the subsonic results for
the induced effects of the tunnel walls were made according to the methods
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of reference 7. The numericel values of these corrections (which were
added to the uncorrected data) for each model were obtained from:

Unswept=-wing Swept-back-wing Triangular-wing
model model - model
Ao = 057 Cq, Lo = 0.55 Cp Ao = 0.55 Cy
ACp = ,0100 C;® ACp = 0097 Cy® ACp = .0097 Cp2

No corrections were made to the pitching-moment data for this effect.

The effects of constrictlon of the flow at subsonic speeds by the
tunnel walls were taken into account by the method of reference 8. This
correction was calculated for conditions at zero angle of attack and was
applied throughout the engle-of-attack range., This correction was the
seme for each model and, at a Mach number of 0.91, smounted to sbout a
2-percent increase in the Mach number and in the dynamic pressure over
that determined from a calibration of the wind tunnel without a model in
place,

During the tests at supersonic speeds, the Mach wave originating at
the nose of the model did not reflect from the tunnel walls back across
the model. No corrections were required, therefore, for tunnel-wall
effects. :

Support interference.- At subsonic speeds, the effects of support
interference on the aerodynamic characteristics of the present models
are not known. For these teilless models, it 1s believed that such
effects conslgted primarily of a change in the pressure at the base of
each model. In en effort to correct at least partially for this support
interference, the base pressure was measured and the drag data adjusted
to correspond to a base pressure equal to the static pressure of the
free gtream.

At supersonic speeds, the effects of support interference on a body-
sting configurstion similar to that of the present model asre shown by
reference 9 to be confined to & change in base pressure. The previously
mentioned adjustment 'of the drag for base pressure was applied, therefore,
at supersonic speeds. It should be noted that the drag coefficients as
presented in the present report are, in essence, foredrag coefficients
since the base drag is not included.

Effect of Stream Characteristics
Subsonic Mach number celibration.- The recent and thorough calibra-

tion of the 6= by*Gngbt supersonic wind tunnel at subsonic speeds
indicated a small change from the previous subsonic Mach number calibration,
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Both the data of references 2, 3, and L presented in this report and the
data obtalned during the present investigation have been based upon thils
latest calibration., The magnitude of the change in. Mach number and the
ratio of the dynamic pressures are as follows:

Mo1a Mnew %14/ e

0.60 0.61 0.97h
.70 071 0980
.80 .81 .982
«90 91 .987

Axial gtatic-pressure gradilent.- The recent survey of the air stream
in the 6- by 6-foot supersonlc wind tunnel at subsonic speeds also indi-
cates that the static-pressure gradient present in the test section is
of sufficlent magnitude to affect the drag results. A similar effect at
supersonic speeds has been indicated by the results of the survey of
reference 5, Therefore, & correction, Cp_, was added to the measured

drag coefficients at all test Mach numbers to account for the longitudinal
buoyancy caused by the exial statlc-pressure variation. Thisg correction
will be the same for-each model of the present report since only the
effect of the static-pressure varlation on the body was considered. The
correction for the models of the present report at the various test Mach
numbers is as follows:

u cDg M CDg
0.61 0.0002 1.20 o]
071 00002 l.hO -.0003
81 .0003 1.50 »0003
.91 0005 1.70 .0010
m——m mem——— 1.90 «0006

Only the supersonic drag data presented in references 2, 3, and 4 have
had the correction applied to them to account for the effect of the
longitudinal buoyancy. The subsonic drag coefficients of these investi-
gatlons have been corrected in the present report to account for this
effect, The magnitude of the correction, Cp_, at the various test Mach

numbers for the models of references 2, 3, and 4 is as follows:

0.61 - 0.0001 1.20 0.,0002
.71 .0002 1.40 0
.81 .0002 1.50 .0003
91 0007 1.70 .0006
—— ———— 1.90 .0006
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The fact that the models of references 2, 3, and 4 were located 1
inch farther upstream in the test section than the models of the present
report gccounts for the different values of CDg at a given Mach number.

Stream inclinstion and stream curvature.- Results of tests of the
swept-back-midwing configuration (ref. 3) and of the triangulasr-midwing
configuration {ref, 4) in both the upright and inverted test positions
have indicated that & stream inclination of -0.05o and a stream curvature
capable of producing a pitching-moment coefficient of =-0.,004 at zero 1lift
exists in the tunnel air stream at subsonic speeds., Results of like tests
of the present model employing the swept-back wing mounted in an off-
center=line wing posltion indicate & stream inclinetion of -0.07° and a
stream curvature cgpable of producing a pliching-moment coefficient of
~0.002 at zero lift. No tests were made with the models employling the
unswept wing or triangular wing mounted in an off-center-line wing posi-
tion for the purposes of determining the magnitude ‘of the gtream irregu-
larities., As noted ebove, and es noted in references 2 and 10, the
magnitude of these stream irregularities are different for different model
configurations., Since no deta indicating the magnitude of the irregu-
larities are avallable for the-models with the unswept wing and trisnguler
wing mounted in an off-center<line wing position and since no method for
correcting the drag data for the effects of the indicated stream curvature
is known, no attempt was made to change the dete presented in this report
for the effects of stream inclinstion and stream curvature,

RESULTS

The basic data of the present investigatlon for the unswept-wing
model, the swept-back-wing model, and the trienguler-wing model are pre-
sented in figures 5, 6, and 7, respectively. In these figures, the vari-
ation of 1ift coefficient with angle of attack, and the variation of drag
coefficient, pitching-moment coefficlent, and lift-drag ratio with 1lift
coefficient for the verious test Mach numbers and Reynolds rnumbers are
presented for each model. A comperison of the aerodynemic characteristics
of each wing in combination with the body in a low~, mid-, and high-wing
position is presented in figures 8, 9, and 10. The results presented in
these figures have been gsummerized in figures 11, 12, and 13, respectively,
to show some lmportant paremeters as functione of Mech mumber, The data
of the high-wing configurations were obtained from the negative sngle-of-
attack data of the low-wing configurations.

The data presented in figures 5 through 10 have been tabulated and
are presented in tebleg II and ITI,
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Effect of Reynolds Number

The basic data of figures 5, 6, and 7 indicate that only the drag
and pitching-moment charsascteristics of the unswept-wing configurations
and the 1ift and pitching-moment characteristics of the swept-back-wing
configurations were affected by the change in the test Reynolds number.
An increase in the minimum drag coefficient of the unswept-low-wing _
configurations occurred at all test Mach numbers ag the Reynolds number
increased from 2.4 million to 3.8 million. This effect of a change in = .
Reynolds number on the minimum drag can also be noted in the data of N
reference 2 for the unswept-midwing configurstion end is prcbsbly due to
the transition point of the boundsxy layer moving forward on the Wing
with increasing Reynolds number.

The effect of the change in Reynolds number on the pitching-moment
characteristics of the unswept~ and the swept-back-wing model was limited
to results obtained at subsonic speeds and 'in particular to results

obtelned neasr zero lift. The variation of the piltching-moment coefficient

wilth 1ift coefficlent for each model was nonlinesr near zero 1lift

(CL of =0.1 to +0.1) at & Reynolds number per foot of 2.57 million, the
data indicating & forward shift in the position of the center of pressure.
This nonlinear variation was not present, however, in the data obtained
for each model at a Reynolds number per foot of 4,00 million. Similar
effects of Reynolds number upon the variation of pitching moment with 1ift

can readily be seen from the data of references 2 and 3, and are attributed

to a combination of boundary-layer end terminal-~shock effects upon the
chordwise pressure distribution of the biconvex airfoil section. A dis=-
cussion of this flow phenomenon may be found in reference 11,

The date obtained for the swept-back-low-wing model at Mach numbers
of 1.20 and 1,70 indicate a decrease in the value of the lift-curve slope
with an increese in Reynolds number from 2.5 million to 3.8 million. The
data of the swept-back-midwing model (ref. 3) at a Mach number of 1,70
show the same varistion in the value of lift-curve slope with Reynolds

mumber., Although the effect of aeroelastic bending, associsted with the =

larger values of dynemic pressure at the higher Reynolds number, would
tend to decrease the lift-curve slope, it 1s believed that the elastic
deformaetion of the wing is not the principal cause of the variation of
1lift-curve slope with Reynolds number; therefore, at preserit the full
reason for the decrease in the value of the lift-curve slope is not known.

Effect of Vertical Position of Wing

Unswept~wing configurations.~ Examination.of the dats of figures 8
-and 11 indicate that of the characteristics presented, 1lift, drag, and

pitching moment, only the drag was significantly affected by a change in
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the vertical position of the wing. The effect upon the 1ift and pitching
moment was, in general, small and of secondary importance.

The displacement of the unswept wing from the midwing position to
either the low~ or high-wing position resulted in an inerease in the
minimum drag coefficient, particularly at supersonic speeds where a .
difference of 0.0020 is indicated (fig. 11(d)). It is interesting to
note that despite the larger value of minimum drag, the unswept-~high-
wing configurstion hed a larger meximum lift-drag ratlio than the unswept-
midwing configuration at all test Mach numbers except 1.50 and 1.90.

The results indicate the existence of a favorable wing-body interference
effect at angle of attack for the high-wing configuration (figs. 11(c)
and 11(4)).

The effect of vertical position of the wing on the 1ift and pitching=-
moment characteristics of the unswept-wing configurations was, as men=-
tioned previously, smell. The variations of 1lift coefficient with angle
of attack asnd of pitching-moment coefficient with 1ift coefficlent for
both the high- and low-wing configurations at subsonic speeds were more
lirear near zero 1lift than those of the midwing configurations. At all
speeds, the midwing configurastions haed & somewhat smaller value of 1lift-
curve slope at zero 1ift than either the high~ or low-wing configurations.

Swegt-back-wing configuration.- The data for the swept-back-wing
configuration presented in figures 9 and 12 indicate that the drag
characteristics were most affected by a change in the vertical posltion
of the wing relative to the body center line., The 1lift and pitching-
moment characteristics were not sppreciably affected.

Throughout the range of test Mach numbers, the midwing configuration
had a smaller value of minimum drag than either the high- or low-wing
configuration. As was the case for the unswept<wing configuration, the
differences 1n minimm drag were more pronounced at the supersonlc Mach
numbers. The data of figure 9(d) show that the midwing configuration
had the larger value of meximum lift-drag ratio throughout the range of
test Mach numbers. Calculations indicate that the differences in the
maximum lift-drag ratios cannot be attributed entirely to the larger _
values of minimum drag of the high~and low-wing configurations, thereby
indicating that the midwing configurations had a favorable wing-body
interference effect at angles of atitack.

The varlation of 1ift coefficient with angle of attack and the
variation of pitching-moment coefficient with 11ft coefficlent for the
swept-back-wing configuration, e&s shown in figures 9(2) and 9(b), were .
practically the same for each vertical positlon of the wing. :

Triangular-wing configuration.- As shown in figures 10 and 13, the
1ift and pitching-moment characteristics of the trilanguler-wing
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configuration were not appreciably affected by a change in the vertical
position of the wing. The results indicate, however, that the minimm
drag coefficients of the midwing configuration were slightly smaller,
and that the meximum lift-drag retios of the midwing configuration were
larger than those of the high- and low-wing configurations.

The data presented in figures 8(c), 9(c), and 10(c) show that the
ninimum drag coefficient of the trianguler-wing models was the least
affected by a change in the vertical position of the wing, The smaller
change indicated for the triangular-wing models 1s belleved to be related
to the fact that the wing-body Juncture was aerodynemicelly more effilcilent,
due to the longer root chord, than those of the unswept-~ and swept-back-
wing models,

CONCLUSIONS

The results of & wind-tunnel investigation between the Mach numbers
of 0.61 and 0.91, 1,20 and 1.90 of three aspect ratio 3 wings, each
mounted in e midwing position on & body of revolutlion and in a high- and
a low-wing position on & modified body of the same axial distribution of
cross-sectional area ag the body of revolution lndicate that:

1. The variations of 1ift coefficient with angle of attack and of
pitching moment wilth 1ift coefficlent for each model of a given plan form
were not greatly affected by a change in the vertical location of the
wing. The displacement of the unswept wing to a high- or a low-wing
rosition eliminsted the slight nonlinearity near zero lift present in the
1ift and pitching-moment data of the midwing models.

2, The minimum drag coefficient of the midwlng configurations were
less than those of the respective high- and low-wing configurations. The
nminimum drag of the triengular-wing models showed the leagt change with
the different vertlical wing positions.

3. In genersasl, the meximum lift~drag ratios of the low-wing con-
figurations were somewhat less than those of the midwing or high-wing
configurations,

Ames Aeronautical Lshoratory '
National Advisory Committee for Aeronsutics '
Moffett Field, Calilf, T



NACA RM A52L.15a

1.

3.

L,

Se

10.

11

REFERENCES

Jacobs, Fastman N., and Ward, Kenneth E.: Interference of Wing
and Fuselage from Tests of 209 Combinations in the NACA Varisble=-
Density Tunnel. NACA Rep. 540, 1935,

Reege, David E., and Phelps, E. Ray: Lift, Drag, and Pitching Moment
of Low=Aspect-Ratio Wings at Subsonic and Supersonic Speeds - Plane
Tgspered Wing of Aspect Ratio 3,1 with 3-Percent-Thick, Biconvex
Section. NACA RM A50K28, 1951.

Heitmeyer, John C.,: Lift, Drag, and Pitching Moment of Low-Aspect-,
Ratio Wings at Subsonic .and Supersonic Speeds - Plane 145° Swept- -
Beck Wing of Aspect Ratio 3, Taper Ratlo O.4 with 3-Percent-Thick,
Biconvex Section. NACA RM A51H10, 1951.

Heitmeyer, John C.: Lift, Drag, and Pitching Moment of ILow-Aspect-
Ratio Wings at Subsonic and Supersonic Speeds - Plane Triangular
Wing of Aspect Ratio 3 with NACA 0003-63 Section.

NACA RM AS1HOZ2,.1951. ’

Frick, Charles W., and Olson, Robert N.: Flow Studies in the
Asymmetric Adjustable Nozzle of the Ames 6= by 6-Foot Supersonic
Wind Tunnel. NACA RM AQE2k, 19k9. | :

Olson, Robert N., and Mead, Merrill H,: Aerodynsmic Study of a Wing-
Tuselage Combinatlon Employing a Wing Swept Back 63°. Effectiveness
of an Elevon as a ILongitudinal Control and the Effects of Camber
and Twist on the Meximum Lift-Drag Ratio at Supersonic Speeds.

NACA RM ABOA3la, 1950. )

Silvergtein, Abe and White, James A.,: Wind-Tunnel Interference with
Perticular Reference to Off-Center Positions of the Wing and to the
Downwash st the Tail. NACA Rep. 547, 1935. ’ ’

Herriot, John G.: Blockage Corrections for Three-Dimensional-Flow
Closed-Throat Wind Tunnels, with Consideration of the Effect of
Compressibility. NACA Rep. 995, 1950. (Supersedes NACA RM ATB28)

Perkins, Edward W.: Experimental Investigation of the Effects of
Support Interference on the Drag of Bodies of Revolution at a Mach
Number of 1.5. NACA TN 2292, 1951.

Hall, Charles F,, and Heitmeyer, John C.: Lift, Drag, and Pitching
Moment of ILow=-Aspect-Ratlo Wings at Subsonlc and Supersonic Speeds -
Twisted and Cambered Triangular Wing of Aspect Ratio 2 with '
NACA 0003-63 Thickness Distribution. NACA RM AS51E(0LI, 1951.



12 NACA RM A52L15a

11, Dugan, Duasne W.: Effects of Three Types of Blunt Trailling Edges
on the Aerodynamic Characteristics of a Plane Tapered Wing of
Aspect Ratio 3.1, With a 3-Percent-Thick Biconvex Section.
NACA RM A52EQ1, 1952, :




NACA RM A52L15a

13

TABIE I.- GEOMETRIC CHARACTERISTICS OF THE MODELS

Cheracteristic Unswept-wing Swept=back Trianguler
model wing model wing model
Aspect Ratio 3.1 3.0 3.0
Taper Ratio 0.39 Ok 0]
Airfoil Section 3% thick, biconvex | 3% thick, biconvex|NACA 0003-63
(streamwise) _
Dihedral, degrees 0 0 o
Incidence, degrees o o} 0]
Total wing ares, 2.425 2.425 2.425
S, squere feet
iMean aerodynamic
chord, €, feet 0.944 0.956 1.199
Distance wing chord 17.5 17.3 13.8
plane to body axis,
%mean aerodynamic
chord
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[Reynolds number per foot, 4.00 million]

TABLE II.- AFRODYNAMIC CHARACTERISTICS OF THE MIDWING-BODY COMBINATIONSZ
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LOW-WING~BODY COMBINATIONS
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BODY

1lds numbers per foot, 4.00 million
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Figure 2.— Photograph of the swept—back wing model,
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Figure 3.-Geomelric characteristics of the body of the present investigation.
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